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SUBSTRATE WITH SPACER AND LIQUID
CRYSTAL CELL CONTAINING THE SAME

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application claims the benefit of priority to
Chinese Patent Application No. 201310259702.7, entitled

“SUBSTRATE WITH SPACER AND LIQUID CRYSTAL
CELL CONTAINING THE SAME”, filed with Chinese

Patent Office on Jun. 26, 2013, the content of which 1s incor-
porated herein by reference 1n its entirety herein.

FIELD OF THE INVENTION

The present disclosure relates to the technical field of 1ig-
uid crystal displays, and in particular to a substrate with

spacers and a liquid crystal cell contaiming the same.

BACKGROUND OF THE INVENTION

Due to 1ts advantages, such as light weight, thin thickness,
low power consumption and low radiation, the liquid crystal
cell has been widely used 1n various fields. The liquid crystal
cell generally includes two substrates oppositely arranged,
and a liquid crystal layer sandwiched between the two sub-
strates. A voltage 1s applied across electrodes on the two
substrates to align liquid crystal molecules 1n the liquid crys-
tal layer under the control of an electric field and to control the
transmission of light. In this way, an 1image 1s displayed.
Spacers are provided between the two substrates so that the
thickness of the liquid crystal cell between the two substrates
1s constant. Generally, some spacers are distributed between
the two substrates, and columnar spacers are formed directly
on the substrate.

The liquid crystal cell in the prior art as shown 1n FIG. 1,
FI1G. 2a and FIG. 25 includes a first substrate 1, and a second
substrate 2 provided to be opposite to the first substrate 1, a
liquid crystal layer 3 formed between the first substrate 1 and
the second substrate 2. A whole plane electrode 11 1s formed
on an entire surface of the first substrate 1, and strip electrodes
21 provided 1n parallel are formed on the second substrate 2.
A first spacer 41 1s provided on a side of the first substrate 1
facing to the liquid crystal layer, and a second spacer 42 1s
provided on a side of the second substrate 2 facing to the
liquid crystal layer. The cross sections of the first spacer 41
and the second spacer 42, taken 1n a direction parallel with the
first substrate 1 or the second substrate 2, are rectangular.
Specifically, the length direction of the cross section of the
first spacer 41 1s parallel with an X direction of the first
substrate 1 (1.¢., an angle between the length direction of the
cross section of the first spacer 41 and the X direction of the
first substrate 1 1s substantially 0° or substantially 180°), and
the length direction of the cross section of the second spacer
42 1s 1n parallel with a 'Y direction of the second substrate 2
(1.e., an angle between the length direction of the cross section
ol the second spacer 42 and an X direction of the second
substrate 2 1s substantially 90°). Further, in conjunction with
FIG. 2¢, when the first substrate 1 1s bonded to the second
substrate 2, the first spacer 41 1s substantially perpendicular to
and intersects the second spacer 42. In this way, the first

substrate 1 and the second substrate 2 1s supported to keep a
certain distance between the first substrate 1 and the second
substrate 2.

The spacers are provided on the first substrate 1 and the
second substrate 2 of the above liquid crystal cell inrespective
directions 1n the prior art. Thus, two substrates need to be
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2

developed and exposed by using two masks respectively to
form the first spacer 41 and the second spacer 42, thus increas-
ing the complexity of the technology and the cost of produc-
tion.

BRIEF SUMMARY OF THE INVENTION

One inventive aspect 1s a device. The substrate structure
with the spacers includes a substrate, and a plurality of spac-
ers arranged on one side of the substrate. Each spacer has a
cross section taken 1n a direction parallel with the substrate,
where a size of the cross section of each spacer 1n a length
direction 1s greater than a size of the cross section of each
spacer 1n a width direction. In addition, an angle between the
length direction of the cross section of the spacer and an
X-direction of the substrate 1s greater than about 0° and less

than about 90°, or greater than about 90° and less than about
180°.

Another inventive aspect 1s a liquid crystal cell, including a
first substrate, a second, and a liquid crystal layer formed
between the first substrate and the second substrate. The cell
also includes a plurality of spacers arranged on a side of the
first substrate and a side of the second substrate, where each
spacer has a cross section taken 1n a direction parallel with the
first substrate and the second substrate, and a size of the cross
section of each spacer in a length direction 1s greater than a
s1ze ol the cross section of each spacer 1n a width direction. In
addition, an angle between the length direction of the cross
section of each spacer and an X-direction of the first and
second substrates 1s greater than about 0° and less than about
90°, or greater than about 90° and less than about 180°, and
where the spacers on the first substrate intersect with the
spacers on the second substrate and keep a distance between
the first substrate and the second substrate.

Another mventive aspect 1s a method for manufacturing a
liquid crystal cell. The method includes preparing a first sub-
strate and a second substrate, forming transparent material
layers on the first substrate and the second substrate respec-
tively, and patterning the transparent material layers to form
spacers. Bach of the spacers has a cross section taken 1n a
direction parallel with the first substrate or the second sub-
strate, and a s1ze of the cross section of each spacer 1n a length
direction 1s greater than a size of the cross section of each
spacer 1n a width direction. In addition an angle between the
length direction of the cross section of each spacer and an
X-direction of the substrate 1s greater than about 0° and less
than about 90°, or greater than about 90° and less than about
180°. The method also includes placing a liquid crystal on the
second substrate, and bonding the first substrate to the second
substrate to form the liquid crystal cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a cross sectional view of a liquid crystal cell in the
prior art;

FIG. 2a, FIG. 26 and FIG. 2¢ are top views of the liquid
crystal cell 1n the prior art;

FIG. 3a and FIG. 3b are top views ol a substrate structure
according to a first embodiment of the disclosure;

FIG. 4 1s a cross sectional view of a liquid crystal cell
according to a second embodiment of the disclosure;

FIG. 5a, FIG. 536 and FIG. 3¢ are top views of the liquid
crystal cell according to the second embodiment of the dis-
closure;

FIG. 6 1s a cross sectional view of a liquid crystal cell
according to a third embodiment of the disclosure; and
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FIG. 7a, FIG. 76 and FIG. 7¢ are top views of the liquid
crystal cell according to the third embodiment of the disclo-
sure.

DETAILED DESCRIPTION OF THE INVENTION

Various technical solutions are described in conjunction
with the drawings of the embodiments of the disclosure here-
inafter. The described embodiments are only some of but not
all the embodiments of the present invention. All the other
embodiments obtained by those skilled in the art based on the
embodiment in the present disclosure fall within the scope of
protection of the present disclosure.

First Embodiment

FI1G. 3a and FI1G. 36 are top views of a substrate structure
according to a first embodiment of the disclosure. As shown n
FIGS. 3a and 3b, a transparent substrate 5, such as a glass
substrate, 1s prepared. Multiple spacers 31 are formed on the
transparent substrate 5, which are arranged at a preset interval
on one side of the transparent substrate 5. Generally, two
spacers 31 may be provided, for example, in each square
millimeter. Actually, the size of the spacer may be designed
based on the size of the substrate and particular anti-pressure
requirement. For a substrate with a great size (such as a
substrate greater than 10 inches), due to 1ts high anti-pressure
requirement, the size of the spacer 1s designed to be great. The
spacer 51 has a cross section taken 1n a direction parallel with
the transparent substrate 5, and a size L of the cross section in
a length direction 1s greater than a size W of the cross section
in a width direction W, 1.e., L>W. Specifically, in the embodi-
ment, an angle o between the length direction of the cross
section of the spacer and an X-direction of the transparent
substrate 5 1s about 45°. When two 1dentical transparent sub-
strates 5 are bonded, spacers 51 provided respectively on one
side of the two transparent substrates 5 may have a one to one
relationship, and opposite spacers may intersect and butt with
cach other, such that the two transparent substrates 5 are
supported to keep a particular space between the two trans-
parent substrates 5. Spacers on the two transparent substrates
5 have the same shape and direction, and thus spacers 51 on
all the transparent substrate 5 may be fabricated using only
one mask. Compared the solution of the invention with the
prior art, 1t 1s avoided to fabricate spacers 51 with different
patterns on the transparent substrate using multiple masks,
thereby the cost of the production 1s reduced, the process for
manufacturing the substrate 1s simplified, and the complexity
of the technology 1s reduced.

The above solution 1s only one of the embodiments, and the
angle o between the length direction of the cross section of
the spacer and the X-direction of the transparent substrate 5
may also be about 135°. Further, the angle o between the
length direction of the cross section of the spacer and the
X-direction of the transparent substrate S may also be any
angle greater than 0° and less than 90°, or greater than 90° and
less than 180°, as long as when the two transparent substrates
are bonded, spacers having one to one relationship may inter-
sect and butt with each other to support the two transparent
substrates. Considering the rotation error and bonding error
when the transparent substrates are bonded, 1t may be benefi-
cial that the angle between the length direction of the cross
section of the spacer and the X-direction of the substrate 1s
greater than about 10° and less than about 80°, or greater than
about 100° and less than about 170°. Furthermore, 1t may be
beneficial that the angle a between the length direction of the
cross section of the spacer and the X-direction of the trans-
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parent substrate 5 1s about 45° or about 135°. In this embodi-
ment, the cross section of the spacer 51 1s rectangular, and
turther, the long side of the cross section of the spacer 51 1n
the length direction may be 1n a wave shape or a fold line
shape. The spacer 51 may be formed of photoreactive mac-
romolecular transparent material.

Second Embodiment

FIG. 4 1s a cross sectional view of a liquid crystal cell
according to a second embodiment of the disclosure. FIG. 5a
and FI1G. 55b are top views of the liquid crystal cell according
to the second embodiment of the disclosure. As shown 1in FIG.
4, the liquid crystal cell includes a first substrate S and a
second substrate 6 provided oppositely, and a liquid crystal
layer 7 formed between the first substrate S and the second
substrate 6. The first electrode 51 1s a whole plane transparent
electrode, and 1s formed on the side of the first substrate 5 that
1s close to the liquid crystal layer 7. The material of the first
clectrode 51 may be tin indium oxide. In conjunction with
FIG. 5a, the second electrode 61 1s a transparent electrode 1n
a comb shape, which includes one end 611 and multiple comb
tooth parts 612. The second electrode 61 1s formed on a side
of the second substrate 6 that 1s close to the liquid crystal layer
7. The first electrode 351 and the second electrode 61 are
provided oppositely. If different voltages are applied across
adjacent comb tooth parts 612, a voltage difference will occur
between adjacent comb tooth parts 612 of the first electrode
51 to generate an electric field. The onentations of liquid
crystal molecules 1n the liquid crystal layer 7 will be varied
under the action of the electric field. The liquid crystal mol-
ecules 1n different regions have different rotation angles, so
that the refractive index of the liquid crystal molecules 1s
varied in substantially a parabola, and a liquid crystal lens 1s
formed between adjacent comb tooth parts 612 of the second
clectrode 61.

In conjunction with FIG. 4, FIG. 3a and FIG. 5b, the
second spacers 62 are arrayed at a preset interval on the side
of the second substrate 6 that 1s close to the liquid crystal layer
7. Specifically, the second spacers 62 are provided at the
borders of the liquid crystal lens that 1s formed by the comb
tooth part 612 of the second electrode 61. The second spacer
62 has a cross section taken 1n a direction parallel with the
second substrate 6, and a size L. of the cross section of the
second spacer 62 1n a length direction 1s greater than a size W
of the cross section of the second spacer 62 1n a width direc-
tion, 1.¢., L>W. Further, an angle o. between the length direc-

tion of the cross section of the second spacer 62 and the
X-direction of the second substrate 6 1s 45°. The {irst spacers
52 on the first substrate 5 1s also provided on the side of the
first substrate 5 that 1s close to the liquid crystal layer 7. The
position of the spacers 52 have an one to one relationship with
that of the spacers 62, and the spacers 52 are also provided at
the border of the liquid crystal lens. The first spacer 52 has a
cross section taken 1n a direction parallel with the first sub-
strate 5. A si1ze L of the cross section of the first spacer 52 1n
a length direction 1s greater than A size W of the cross section
of the first spacer 52 1n a width direction, 1.e., L>W. Similarly,
an angle a. between the length direction of the cross section of
the first spacer 52 and the X-direction of the first substrate 5
1s also about 45°. Both the cross section of the first spacer 52
taken 1n the direction parallel with the first substrate 5 and the
cross section of the second spacer 62 taken 1n the direction
parallel with the second substrate 6 are 1n the shape of a
rectangular. Practically, the long sides of the cross sections of
the first spacer 52 and the second spacer 62 in the length
direction may be 1n a wave shape or a folded line shape, as
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shown. Further, to avoid the scattering problem caused by a
refractive index difference between the first and second spac-
ers 52 and 62 and the liquad crystal layer 7, the first spacer 52
and the second spacer 62 may be provided to overlap with the
comb tooth part 612 of the second electrode 61. The first
spacer 32 and the second spacer 62 may be formed of photo-
reactive macromolecular transparent material.

Further, in conjunction with FIG. 3¢ and FIG. 4, the first
spacer 32 on the first substrate 5 and the second spacer 62 on
the second substrate 6 are provided oppositely to intersect and
butt with each other, so as to keep a distance between the first
substrate 3 and the second substrate 6. The first spacer 52 and
the second spacer 62 have a length of 4 d, where d is the
distance between the first substrate 5 and the second substrate
6. Considering the manufacturing accuracy of the first spacer
52 and the second spacer 62, 1t 1s beneficial to ensure that the
height sum of the first spacer 52 and the second spacer 62 1s
not less than d. Generally, the size of the spacer needs to be
designed based on the size of the substrate and specific anti-
pressure requirement. For a substrate with a great size (such
as a substrate with a size greater than 10 inches), due to 1ts
high anti-pressure requirement, the size of the spacer i1s
designed to be relatively large. Further, for the substrate with
large PPI (the number of the sub-Pixel Per Inch), due to 1ts
intensive arrangement of the sub-pixel, the size of the spacer
1s designed to be relatively small. An alignment layer 8 1s
formed on the 1nner surfaces of the first substrate 5 and the
second substrate 6 that are closest to the liquid crystal layer 7,
which 1s adapted to orientate the liquid crystal molecules in an
initial state uniformly. The alignment layer 8 may be formed
of polyimide. The first spacer 52 on the first substrates 5 and
the second spacer 62 on the second substrate 6 have the same
shape, direction and position, thus all the first spacers 52 on
the first substrates 5 and the second spacers 62 on the second
substrate 6 may be fabricated using only one mask. Compared
the solution of the present application with the prior art, 1t 1s
avolded to fabricate spacers with different patterns on the
transparent substrates using multiple masks, such that the cost
of the production 1s reduced, the process of manufacturing the
substrate 1s simplified, and the complexity of the process 1s
reduced.

The angle a between the length direction of the cross
section of the first spacer 52 and the X-direction of the first
substrate 5, or the angle o between the length direction of the
cross section of the second spacer 62 and the X-direction of
the second substrate 6 1s only an example, and may also be
about 135°. Further, the angle a. between the length direction
of the cross section of the first spacer 32 and the X-direction
of the first substrate 5, or the angle a between the length
direction of the cross section of the second spacer 62 and the
X-direction of the second substrate 6 may also be any angle
greater than about 0° and less than about 90°, or greater than
about 90° and less than about 180°, as long as when the first
substrate 5 or the second substrate 6 are bonded to each other,
the first spacer 52 and the second spacer 62 with the one to one
relationship are able to intersect and butt with each other to
support the two transparent substrates. Considering the rota-
tion error and bonding error when the transparent substrates
are bonded, 1t may be beneficial that the angle between the
length direction of the cross section of the spacer and the
X-direction of the substrate 1s greater than about 10° and less
than about 80°, or greater than about 100° and less than about
1’70°. The angle o between the length direction of the cross
section of the first spacer 52 and the X-direction of the first
substrate 5 or the angle o between the length direction of the
cross section of the second spacer 62 and the X-direction of
the second substrate 6 may be about 45° or about 135°.
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The first electrode with the above shape 1s only one of the
embodiments, and the first electrode 51 may also be a trans-

parent electrode 1n a comb shape and 1s provided correspond-
ingly to the second electrode 61.

A method for manufacturing a liquid crystal cell according
to an embodiment 1includes: forming transparent conductive
layers respectively on a first substrate and a second substrate,
where the material of the transparent conductive layer may be
such as tin indium oxide; patterning the transparent conduc-
tive layers to form a first electrode and a second electrode;
forming transparent material layers respectively on the first
clectrode and the second electrode; patterning the transparent
matenal layers to form first spacers on the first substrate and
second spacers on the second substrate. Specifically, the
transparent material layer may be formed of photoreactive
macromolecular transparent material. The first spacer may
have a cross section 1 a direction parallel with the first
substrate; and the second spacer may have a cross section 1n
a direction parallel with the second substrate. A size L of the
cross section 1n a length direction may be greater than a size
W thereof 1n a width direction, 1.e., L>W. The cross section
may be in the shape of rectangular, or the long side of the cross
section 1n the length direction may be 1n a wave shape or a fold
line shape. Further, the angle between the length direction of
the cross section and the X-direction of the first or second
substrate 1s greater than about 0° and less than about 90°, or
greater than about 90° and less than about 180°. Considering
the rotation error and bonding error when the first substrate
and the second substrate are bonded to each other, it may be
beneficial that the angle between the length direction of the
cross section of the spacer and the X-direction of the substrate
1s greater than about 10° and less than about 80°, or greater
than about 100° and less than about 170°, and 1t may be
beneficial that the angle a between the length direction of the
cross section of the spacer and the X-direction of the substrate
1s about 45° or about 135°.

Then, alignment layers are formed on the first substrate and
the second substrate, which 1s adapted to orientate the liquid
crystal molecules 1n an 1nitial state uniformly. The alignment
layer may be formed of polyimide.

Next, liquid crystal 1s drop onto the second substrate, and
the first substrate 1s inverted and bonded to the second sub-
strate, to form a liquid crystal cell. Specifically, the first
spaces and the second spacers are provided 1n the one to one
relationship, which intersect and butt with each other, to
support the two transparent substrates.

Third Embodiment

FIG. 6 1s a cross sectional view of a liquid crystal cell
according to a third embodiment of the disclosure. As shown
in FIG. 6, the liquid crystal cell includes a first substrate 5 and
a second substrate 6 provided oppositely, and a liquid crystal
layer 7 formed between the first substrate S and the second
substrate 6. The first substrate 5 1s an array substrate, multiple
thin film transistors 511 and pixel electrodes 512 are formed
on a side of the first substrate 5 close to the liquid crystal layer
7. First spacers 52 are arranged at a preset interval on the first
substrate 5. The second substrate 6 1s a color filer substrate,
and a black matrix 611 and a color resist 612 are formed on a
side of the second substrate 6 close to the liquid crystal layer
7. Specifically, the black matrix 611 corresponds to the thin
film transistor 511 on the first substrate 5 and serves to shelter,
and second spacers 62 are provided on the region in which the
black matrix 611 of the second substrate 6 1s located.

FIG. 7a and FI1G. 7b are top views of the liquid crystal cell
according to the third embodiment of the disclosure. In con-
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junction with FIG. 7a and FIG. 75, the first spacers 32 and the
second spacers 62 are provided 1n the one to one relationship,
which intersect and butt with each other, to keep a distance
between the first substrate 5 and the second substrate 6. Spe-
cifically, the first spacer 52 has a cross section taken 1n a
direction parallel with the first substrate 5. A size L of the
cross section of the first spacer 52 in a length direction is
greater than a size W thereof 1n a width direction, 1.e., L>W.
Further, an angle o. between the length direction of the cross
section of the first spacer 52 and the X-direction of the first
substrate 3 1s about 45°. The second spacer 62 has a cross
section taken 1n a direction parallel with the second substrate
6. A size L of the cross section of the second spacer 62 1n a
length direction 1s greater than a size W thereof 1n a width
direction, 1.e., L>W. Similarly, an angle o between the length
direction of the cross section of the second spacer 62 and the
X-direction of the second substrate 6 1s also about 45°. In this
embodiment, the cross section of the first spacer 52 or the
second spacer 62 taken 1n the direction parallel with the first
substrate 5 or the second substrate 6 has a shape of rectangu-
lar. Practically, the long side of the cross sections of the first
spacer 32 and the second spacer 62 1nthe length direction may
be 1n a wave shape or a fold line shape. Further, to avoid the
scattering problem caused by the refractive index difference
between the first and second spacers 52 and 62 and the liquid
crystal layer 7, the first spacer 32 and the second spacer 62
may be provided to correspond to the position of the black
matrix 611. The first spacer 52 and the second spacer 62 may
be formed of photoreactive macromolecular transparent
material.

Further, in conjunction with FIG. 7¢ and FIG. 6, the first
spacer 32 and the second spacer 62 are provided oppositely on
the first substrate 5 and the second substrate 6, which intersect
and butt with each other, so as to keep a distance between the
first substrate 5 and the second substrate 6. The first spacer 52
and the second spacer 62 have a height of 12 d, where d 1s the
distance between the first substrate 5 and the second substrate
6. Considering the accuracy of manufacturing the first spacer
52 and the second spacer 62, it needs to be ensured that the
height sum of the first spacer 52 and the second spacer 62 1s
not less than d. Generally, the size of the spacer needs to be
designed based on the size of the substrate and specific anti-
pressure requirement. For a substrate with a great size (such
as a substrate with a size greater than 10 inches), due to 1ts
high anti-pressure requirement, the size of the spacer i1s
designed to be relatively great. Further, for the substrate with
high PPI (the number of the sub-Pixel Per Inch), due to the
intensive arrangement of the sub-pixel, the size of the spacer
1s designed to be relatively small. Alignment layers 8 1is
formed on the 1mner surfaces of the first substrate 5 and the
second substrate 6 that are closest to the liquid crystal layer 7,
which 1s adapted to orientate the liquid crystal molecules 1n an
initial state uniformly. The alignment layer 8 may be formed
of polyimide. The first spacer 52 on the first substrates 5 and
the second spacer 62 on the second substrate 6 have the same
shape, direction and position, such that all the first spacers 52
on the first substrates 5 and the second spacers 62 on the
second substrate 6 may be fabricated using only one mask.
Compared the solution of the invention with the prior art, 1t 1s
avolded to fabricate spacers with different patterns on the
transparent substrates using multiple masks, such that the cost
of the production 1s reduced, the process of manufacturing the
substrate 1s simplified, and the complexity of the process 1s
reduced.

The above angle o between the length direction of the cross
section of the first spacer 52 and the X-direction of the first
substrate 5, or the angle a between the length direction of the
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cross section of the second spacer 62 and the X-direction of
the second substrate 6 1s only an example, and may also be
about 135°. Further, the angle o. between the length direction
ol the cross section of the first spacer 52 and the X-direction
of the first substrate 5, or the angle o between the length
direction of the cross section of the second spacer 62 and the
X-direction of the second substrate 6 may also be any angle
greater than about 0° and less than about 90°, or greater than
about 90° and less than about 180°, as long as when the first
substrate 5 and the second substrate 6 are bonded, the first
spacer 52 and the second spacer 62 1n the one to one relation-
ship are able to intersect and butt with each other to support
the two transparent substrates. Considering the rotation error
and bonding error when the transparent substrates are
bonded, 1t may be beneficial that the angle between the length
direction ofthe cross section of the spacer and the X-direction
of the substrate 1s greater than about 10° and less than about
80°, or greater than about 100° and less than about 170°. It
may be beneficial that the angle o between the length direc-
tion of the cross section of the first spacer 52 and the X-di-
rection of the first substrate 5, or the angle a between the
length direction of the cross section of the second spacer 62
and the X-direction of the second substrate 6 1s about 435° or
about 135°.

A method for manufacturing a liquid crystal cell according
to another embodiment includes: forming a thin film transis-
tor and a pixel electrode on a first substrate, where the pixel
clectrode 1s formed of transparent conductive material such as
tin indium oxide; forming a transparent material layer on the
thin film transistor and the pixel electrode; patterning the
transparent material layer to form a first spacer on the first
substrate; forming a black matrix and a color resist on the
second substrate; forming a transparent material layer on the
black matrix and the color resistor; and patterming the trans-
parent material layer to form a second spacer on the second
substrate, in which the second spacer 1s provided in the region
in which the black matrix is located. The transparent material
layer may be formed of photoreactive macromolecular trans-
parent material. The first spacer has a cross section taken in
the direction parallel with the first substrate, while the second
spacer has a cross section taken 1n the direction parallel with
the second substrate. A size L of the cross section 1n a length
direction 1s greater than a size W thereof 1n a width direction,
1.., L>W. The cross section may be rectangular, or the long
side of the cross section 1n the length direction i1s in a wave
shape or a fold line shape, as shown. Further, the angle
between the length direction of the cross section and the
X-direction of the first or second substrate 1s greater than
about 0° and less than about 90°, or greater than about 90° and
less than about 180°. Considering the rotation error and bond-
ing error when the first substrate and the second substrate are
bonded to each other, 1t may be beneficial that the angle
between the length direction of the cross section of the spacer
and the X-direction of the substrate 1s greater than about 10°
and less than about 80°, or greater than about 100° and less
than about 170°. It may be beneficial that the angle o between

the length direction of the cross section of the spacer and the
X-direction of the substrate 1s about 45° or about 135°.

Then, alignment layers are formed on the first substrate and
the second substrate, which 1s adapted to orientate the liquid
crystal molecules 1n an 1itial state uniformly. The alignment
layer may be formed of polyimide.

Next, liquid crystal 1s drop onto the second substrate, and
the first substrate 1s inverted and bonded to the second sub-
strate, to form a liquid crystal cell. Specifically, the first
spaces and the second spacers are provided 1n the one-to-one
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relationship, which intersect and butt with each other, to
support the two transparent substrates.

A substrate having a spacer, a liquid crystal cell containing
the substrate, and a method for manufacturing the hiquid
crystal cell according to various embodiments have been
described above. Specific examples are adopted herein to
describe the principles and embodiments of the disclosure.
The above embodiments are only intended to facilitate under-
standing. Modifications can be made to the embodiments and
the application scope by those skilled in the art based on the
idea of the disclosure.

What 1s claimed 1s:

1. A liguid crystal cell, comprising:

a first substrate;

a second substrate;

a liquid crystal layer formed between the first substrate and
the second substrate; and

a plurality of spacers arranged on a side of the first substrate
and a side of the second substrate, wherein the plurality
of spacers on the first substrate and the second substrate
are formed by a same mask, and each spacer has a cross
section taken in a direction parallel with the first sub-
strate and the second substrate, wherein a size of the
cross section of each spacer 1n a length direction 1s
greater than a si1ze of the cross section of each spacer 1n
a width direction, and an angle between the length direc-
tion of the cross section of each spacer and an X-direc-
tion of the first and second substrates 1s greater than
about 0° and less than about 90°, or greater than about
90° and less than about 180°, and wherein the spacers on
the first substrate intersect with the spacers on the sec-
ond substrate and keep a distance between the first sub-
strate and the second substrate,

wherein a second electrode comprises one end and a plu-
rality of comb tooth parts, and the second electrode 1s
formed on a side of the second substrate that 1s close to
the liquad crystal layer,

wherein the spacers are configured to overlap with the
comb tooth part of the second electrode.
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2. The liquid crystal cell according to claim 1, wherein the
angle between the length direction of the cross section of the
spacer and the X-direction of the substrate 1s about 45° or
about 135°.

3. The liquid crystal cell according to claim 2, wherein the
second substrate comprises a black matrix and a color resist
which are on the side of the second substrate, wherein the first
substrate comprises a thin film transistor and a pixel electrode
which are on the side of the first substrate, and wherein the
spacer 1s provided proximate the black matrix.

4. The liquid crystal cell according to claim 1, wherein the
cross section of the spacer is rectangular.

5. The liquid crystal cell according to claim 1, wherein the
first substrate comprises a first electrode on the side of the first
substrate, wherein the second substrate comprises the second
electrode on the side of the second substrate, and wherein a
plurality of liquid crystal lenses are formed in the liquid
crystal layer by an electric field between the first electrode
and the second electrode.

6. The liquid crystal cell according to claim 5, wherein the
spacer 1s provided at a border between the liquid crystal
lenses.

7. The liquid crystal cell according to claim 5, wherein the
first electrode and the second electrode are each transparent 1in
a comb shape, or the first electrode 1s a whole plane transpar-
ent electrode and the second electrode 1s a transparent elec-
trode 1n a comb shape.

8. The liquid crystal cell according to claim 1, wherein the
first substrate or the second substrate comprises a first elec-
trode and the second electrode on the side of the first substrate
or the second substrate, and a plurality of liquid crystal lenses
are formed 1n the liquid crystal layer by an electric field
between the first electrode and the second electrode.

9. The liquid crystal cell according to claim 8, wherein the
spacer 1s provided at a border between the liquid crystal
lenses.

10. The liquid crystal cell according to claim 8, wherein the
first electrode and the second electrode are each transparent
and 1 a comb shape, or the first electrode 1s a whole plane
transparent electrode and the second electrode 1s transparent
and 1n a comb shape.
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